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S1
Experimental conditions of encapsulation studies. a). ϕ = volume fraction of particles; b). w = mass fraction of commercial PAA (M w = 450 kg·mol -1 ); c) pure water (pH ≈ 6); d) Obtained by adding 13.7 mM aqueous NaOH solution into corresponding dispersion at pH 2.
S2
Zeta potential and hydrodynamic diameter of CPS as a function of pH. Figure S1 . Zeta potential (black triangles) and hydrodynamic diameter (blue squares) of CPS as a function of pH.
S3
Theoretical calculation of the maximal number of small particles adsorbing onto a larger central sphere.
When larger particles and an excess of small particles with opposite surface charge are mixed, the small particles can adsorb onto the large particles to form raspberry-like heteroaggregates. The theoretical maximum number of small particles that can be accommodated on a single larger central sphere (Γ hcp ) is obtained when the smaller particles are hexagonally close packed. Γ hcp can be estimated using the following equation:
where R and r are the radii of large central particle and small particle, respectively. In our case, R is approximately 2.5 µm and r is 0.25 µm, which yields a Γ hcp of 440.
From the volume fraction of the dispersion used throughout the aggregation experiments (Table  S1 ) and their radii, the feeding ratio of small particles compared to the larger colloids N was calculated using:
where ϕ PLPS and ϕ CPS are the volume fraction of particles PLPS and CPS, respectively. In our experiments, N proved to be approximately 18000. Comparing this to the theoretical value of Γ hcp , the employed feeding ratio translates into a 40 times excess. Therefore we expect to observe raspberry-like heteroaggregates for all the performed encapsulation experiments.
S4
Figure S2: Calculation method of surface coverage. Figure S2a shows an optical micrograph of a typical cluster observed after the heteroaggregation process. Clearly, from these images it is very difficult to determine the boundary of cluster and to extract the number of smaller particles. To obtain an estimate of the number of adsorbed smaller colloids, the following procedure was performed. Firstly, a circle is drawn from the center of the aggregate. The dimension of the circle is chosen such that it encloses a large number of small particles, but does not extend completely to the identifiable edge of the aggregate.
The surface area of the spherical cap of drew circle is
The total surface area is
Therefore, the total number of small particles adsorbed per large particle is
In theory, the maximum number of small particles adsorbed per large particle is equal to
where R and r are the radii of large particle and small particle, respectively, d is the radii of drew circle. N count is the number of small particles in the circle.
To eliminate the influence of the size polydispersity of the PLPS, approximately 30 clusters with different size were averaged.
S5
Typical heteroaggregates observed when mixing CPS/PLPS and CPSAA/PLPS in 10 mM aqueous NaCl solution. Figure S3 . Representative optical micrographs of a mixed dispersion containing (a) CPS/PLPS and (b) CPSAA/PLPS in a continuous phase containing 10 mM NaCl. Scale bar: 5 μm for both images.
S6 Encapsulation behavior of PLPS/PS(PVP) system in pure water and 10 mM aqueous NaCl solution. Figure S4 . Representative optical micrographs of mixed dispersions containing PLPS/PVP stabilized polystyrene particles (PS(PVP)) in (a) pure water, and (b) water containing 10 mM NaCl. Scale bar: 5 μm for both images.
One possible explanation is the steric repulsion caused by the diffusive PAA surface layer of the CPSAA particles. In pure water (pH ≈ 6), the PAA chains are charged (pK a of AA is 4.25 without interaction with other carboxyl groups in water) and therefore extend into the solution (Figure 2b ). 2 Upon contact of CPSAA and PLPS this charged layer has to be compressed, which is unfavorable. To investigate the influence of this steric effect, we synthesized PVP stabilized polystyrene particles (PS(PVP)) by conventional dispersion polymerization. Although not anticipated by the polymerization mechanism and monomer feed, particles with a negative zeta potential of -24 ± 5.8 mV were obtained. While not understood at this point, the observation that the particles are electrically charged is in agreement with several other reported observations. 3, 4 Performing heteroaggregation experiments using PLPS and PS(PVP) resulted in encapsulation efficiencies of 5% and 20.5% in pure water and in 10 mM aqueous NaCl solution, respectively ( Figure S4 ). These efficiencies are comparable to those observed for the CPS/PLPS system, indicating a negligible influence of the steric repulsion of surface-immobilized polymers. Therefore, we can exclude the steric effect as the (most) important contribution to the extremely low coverage of CPSAA on PLPS.
Synthesis of PVP stabilized polystyrene microspheres (PS(PVP)). PS(PVP)
were synthesized by conventional dispersion polymerization. 5 g PVP, 126 mL ethanol, 0.136 g AIBN, and 14 mL water were charged into a 250 mL three-neck round bottom flask. Dissolution of PVP and AIBN was aided by sonication of the obtained mixture. Subsequently, 10 mL St was added. The mixture was constantly stirred with a magnetic stirrer under nitrogen flow. After degassing for 30 min, the flask was immersed in a 70 °C water bath to initiate polymerization. The reaction was allowed to proceed for 24 h. The final product was washed with ethanol and H 2 O sequentially to remove unreacted reagents. Finally, the resulting particles were stored in H 2 O.
S7
Infrared spectra of pure polyacrylic acid (PAA), the dried supernatant (PS-PAA) and CPSAA. Figure S5 . Infrared spectra of pure PAA (Mv ≈ 450000 g/mol, Sigma-Aldrich) (top, black), the dried supernatant (PS-PAA) (middle, red) and CPSAA (bottom, violet). The highlighted signal at 1706 cm -1 is characteristic for the carbonyl stretching vibration of incorporated acrylic acid monomers and 700 cm -1 corresponds to the aromatic C-H out-of-plane vibration of incorporated styrene monomers.
S8
Discussion of relative low maximum coverage.
As shown in Figure 4 , the maximum coverage can be reached in the system of CPSAA/PLPS is approximately 0.3. This result is in agreement with those reported by Harley who used electron microscopy to analyze the surface coverage after encapsulation. 5 While the theoretical maximum coverage is 0.9, which is obtained by assuming the small particles pack in a close-packed hexagonal array on the surface of a large particle. 6 To investigate the origin of the observed relatively low maximum coverage, the adsorption process was monitored in situ with optical microscope. As revealed by movie M1, CPSAA attached onto PLPS in a sequential fashion and once attached, they were unable to detach or move over the PLPS surface, revealing the aggregation process is following a random sequential adsorption mechanism. Feder 7 reported that for random sequential adsorption in a two-dimensional system the theoretical maximum coverage is approximately 0.54. Any interparticle interaction were neglected in these calculations. To this end, Ko et al. extended the results of Feder and studied the influence of electrostatics and hydrodynamic interactions on the random sequential adsorption of positively charged latex colloids onto packed columns of negatively charged glass beads. They found that the coverage increased with increasing ionic strength or decreasing approach velocity. A theoretical maximum coverage of approximately 0.3 was derived. 8 In our system, the maximum coverage was reached at pH 2. Under these conditions, the Debye screening length is approximately 3 nm, which is much shorter than the average particles separation between CPSAA. Therefore the direct influence of electrostatic double-layer interaction on the low maximum coverage can be excluded. From this we speculated that, the random sequential adsorption mechanism combined with hydrodynamic interaction account for the relative low maximum coverage in this system.
S9
Charge reversal of PLPS via base-catalyzed hydrolysis of METMAC ester moieties. Figure S6 . Zeta potential of PLPS as functions of time and pH. Under basic conditions (pH = 9 (blue upward triangles) and 10 (green downward triangles)), the ester groups that link the permanently charged quaternary amine functionality to the surface of the particles hydrolyze gradually leading to a decrease in surface charge. This decrease in surface charge originates from the consumption of positively charged quaternary amine and the formation of negatively charged carboxylic acid. At pH = 11 (pink leftward triangles) hydrolysis is sped up significantly, resulting in a charge reversal. Under neutral (pure water, red dots) and acidic (pH 3, black squares) conditions, the ester groups are more stable resulting is a no change or less drastic in zeta potential. Furthermore, the zeta potential of PLPS in pure water has no significant change for months.
